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Artificial Intelligence (AI)
•  Simulation of "intelligence" by machines

• Behavior of an artificial system that humans see as intelligent
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McCarthy coined the term “Artificial Intelligence” over “cybernetics” 
or “automata theory” and this event gathered 10 people that set AI 
as a new, independent discipline to address language, abstraction, 
problem solving and self-improvement… (Too optimistic!!!)



Machine learning

“making computer able to learn without being explicitly programmed” 

 Arthur Samuel, 1959



Frank Rosenblatt, 1957 
perceptron

beginnings of artificial neural networks; 
beginnings of machine learning 
... still the essence of modern systems.

Artificial neurons capable of  
"learning" by error feedback.
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Machine learning



The AI Battle: Marvin Minsky (CMU) vs Frank Rosenblatt (MIT) 
 (by Abdul Hafeez )

https://techhistorylab.com/author/hafeezgdc900gmail-com/


“in 20 years, machines will do 
any  human task”   1965	     

 “within a generation (...) the problem 
  of creating AI will be solved”  1967

 “in principle it would be possible to build brains 
  that could reproduce themselves ... and which would  
  be conscious of their existence.”  1967

Premature optimism (on all fronts)



"Neural" networks: 3 first decades

Frank Rosenblatt, perceptron, 1957

Sejnowski & Hinton, Boltzman  
machines, 1983. 
Prior work by Ivakhnenko & Lapa, 1965, 
Amari (1967)

Hopfield networks, 1982 
Prior work by Amari, 1972

Rumelhart, Hinton, Williams, backpropagation, 1986 

Prior work by Linnainmaa (1970, 1976), 
Werbos (1974), LeCun (1985)

LeCun, deep convolutional networks,  
1989 (inspired by Hubel & Wiesel), 
Prior work by Fukushima (1979), … 
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Supervised learning: classification

cats dogs learning 
algorithm

dog



What is a learning algorithm? 

Gradient descent on 
the loss function



The secret sauces of deep learning: gradient descent + backpropagation



Classical machine learning

Deep learning

“end-to-end learning”: can be computationally very expensive…



Graphics processing unit (GPU)



ImageNet  2012

ImageNet (2009): 1.2 million images,  
                             1000 categories

ImageNet Large Scale Visual Recognition Challenge



US$ 44 million



Zoo of neural networks
2012-2019 

100s of millions of parameters 



human  
level



Speech recognition

first DNN  
for speech



There are no artificial neural networks!



1994

1995

Internet was small:  
you could have a “guide”

Only 30 years ago...



Technological revolutions



Technological revolutions





1 000 000 x 

1995-2015

Technological revolutions

A millionfold gain in 20 years means a doubling 
roughly every year ( ≈ 10⁶).  
NB: faster than Moore’s original two-year doubling!
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Access and generation/production of data: 
video, photos, location, markets, social media, health, science, …

Technological revolutions



Drastic change in the business paradigm

• Overabundant content: worthless!

• Super-abundant content: search is crucial!

• How to profit from search? Advertising!

• Online commerce: Recommendation!

The key technology of all this: AI!

• How to profit from social networks? Advertising!



Technological revolutions

Mobile solutions in 
social media





Capture and sell attention,  
preferences, information about:

tastes, habits, friends, places, 
activities, preferences (political,  
sexual, religious, ...)

@Tobias Rose-Stockwell



1996
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• Business model behind Facebook, Google, Amazon, Twitter, …  

• Massive gathering and AI-based analysis of user information. 

• Product: behavioral “futures”. 

• “If you’re using the service for free, you’re the product.” 

• Implications: privacy, addiction, behavior manipulation,  
threat to democracy, …

• Solutions: regulation, awareness, education, literacy, …



1-The “great rewiring” of childhood: a shift from 
a play-based childhood to a phone-based childhood
2-Adults made two opposite mistakes at once: 
overprotected and underprotected children



Frictionless reproducibility 



Frictionless reproducibility (Donoho, 2023)



Classical paradigm: supervised learning

Fundamental bottlenecks:  
• data scarcity 
• label scarcity (human expertise is very expensive)

Several approaches: 
• data augmentation 
• synthetic data 
• transfer learning } still supervised learning

• Paradigm shift: self-supervised learning



Recent paradigm shift...

Foundation models: pretrain on raw data 
                                   (maybe) adapt (fine-tune) to various downstream applications

      Self-supervised pretraining: surrogate task, e.g., masked/next word prediction
                     key advantage: no human intervention!





“Secret sauce” of language models: word embeddings

“Secret sauce” of modern machine learning: embed everything!!! 



2017







A blissful fairytale or a dreadful nightmare?
AI in science and society

The Fairytale

Protein structures at scale 
AlphaFold, Nobel Prize 2024

Faster discovery 
drugs, materials, catalysts

Patterns in huge data 
astronomy, genomics, climate

Routine work automated 
lab, analysis, coding

Expertise for everyone 
tutors and assistants

The Nightmare

Job market disruption 
and erosion of human skills

Loss of control 
over powerful, opaque systems

Unreliable science 
hallucinations, irreproducibility

Misuse 
deepfakes, surveillance, bio & cyber

Concentrated power 
and a growing energy footprint









Is Digital Media a threat to our political systems?



How about scientific impacts?



“This will change medicine. It will change research. It will  
change bioengineering. It will change everything.”
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Bubeck et al, 2025



I’m sorry, Dave 
 I’m afraid I can’t do that!

FEATURE AI

What It Means to
Be a
Mathematician
When AI Does the
Math
Researchers debate motivation, purpose, and the field’s future
BY

25 JUN 2026

BENJAMIN SKUSE

10/18/26, 11:12 PM AI in Mathematics Is Forcing Big Questions - IEEE Spectrum

https://spectrum.ieee.org/ai-in-mathematics 1/19



Gros Merci! 
Many Thanks! 
Grande Obrigado!


